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semiconductors showing large p-and n-type mobilities [1] [2] [3] [4] , dielectrics and circuit methodologies providing low power consumption [5] [6] [7] [8] and smart production methods suitable for flexible substrates [9] [10] [11] [12] have been developed. Much attention has focussed on realizing electrically and environmentally stable OTFTs required to successfully implement complex systems such as radio frequency identification (RFID) tags 10, [13] [14] [15] [16] . An avenue that has received far less attention, despite carrying tremendous promise, is the "controllable" manipulation of the transistor functionality beyond that of a switch or amplifier. 18 .
In this work we report on a novel concept of an electrically programmable selfassembled molecular gate dielectric layer for OTFTs (see figure 1a ) that can be reversibly charged and discharged and retains these digital states even when the supply voltage is removed. Due to the small thickness of the dielectric stack (app. 5.7 nm), the memory transistors operate with very small program and erase voltages of ± 2 V. Despite the extremely small dielectric thickness, the retention time is already promising (~6 hours with a read voltage of -750 mV applied continuously). The dielectric is a mixed monolayer of aliphatic and C 60 -functionalized phosphonic acid molecules (app. 2.1 nm thickness) on a patterned and plasma-oxidized aluminum gate electrode on a glass substrate. The aluminum oxide (AlO x ) contributes with a thickness of 3.6 nm to the dielectric layer stack 6 . As the aliphatic component, n-octadecylphosphonic acid 1 was chosen, which has already shown excellent insulating characteristics as the gate dielectric 6 . As the charge storage component, the C 60 -derivative 2 was synthesized to take advantage of the strong acceptor properties and reversible redox behavior of C 60 ( Figure 1b and Supplementary Information SI-1) and of the self-assembly properties induced by the C 18 -aliphatic tail with phosphonic acid anchor group.
Mixed self-assembled monolayers of 1 and 2 were created by a simple "one pot" solution The monolayer gate dielectrics self-assemble by immersing the substrates in a 0.1 mmol solution of the phosphonic acid molecules in 2-propanol for 24 hours. Since 1 and 2 have different head groups, the static contact angle of water is a monotonic function of the composition of the monolayer. Prior to self-assembly, the plasma-oxidized Al has an average contact angle of 10°. After self-assembly of the monolayer, contact angles of 109 ± 2° were obtained for device A, 107 ± 2° for device B, 99 ± 1° for device C, and 66 ± 1° for device D (see SI-2). The observation that the surface energy of the mixed monolayers is a monotonic function of the mixing ratio in the solution from which the monolayers were prepared suggests that the mixing ratio in the monolayer is very similar to the mixing ratio in the solution 20 . This could be confirmed by amplitude-modulation atomic force microscopy (AM- content) have a relatively small memory ratio of 2.5 (see Section I in Figure 3b ), the devices of series C (5% C 60 content) have a memory ratio of 26 (Section I in Figure 3c ), and the devices of series D (100% C 60 content) have an excellent memory ratio of 43 (Section I in Figure 4d ). We note, that our observations are different to bias stress-induced threshold voltage shifts in organic transistors, observed at much stronger bias stress conditions 24, 25 .
Given the small thickness of the SAM dielectrics, the ability of the fullerene units to store electronic charge for longer times (i.e. the retention time), is a major concern. For devices D and C the drain current in the programmed state decays within 1 minute to less than 10% of the initial value (see Section II in Figure 4c and 4d) indicating that in these devices the charge stored on the C 60 units is rapidly lost due to leakage. In device B -with the lowest content of 2 in the SAM -a more promising long-term stability is observed (see Section II in 
